Substantial biases in shortwave cloud forcing (SWCF) of up to ±30 W m 
Introduction
The weather in midlatitudes is characterized by the existence of belts of westerly jet 15 streams in each hemisphere, which are strongly related to the distribution of precipitation, 16 cloudiness, and midlatitude storms [e.g., Wallace and Hobbs, 2006] . Near the jet streams 17 are sharp local maxima of precipitation and surface wind stress, implying that small model 18 errors in the latitudinal position of these features can lead to large local biases on either 19 side of the maxima. In addition to directly affecting midlatitude climate, the jet streams 20 are also linked to the large-scale circulation in the subtropics, as strong relationships exist 21 between jet latitude and meridional extent of the Hadley cells and of the subtropical 22 dry zones [Kang et al., 2011; Kang and Polvani , 2011; Ceppi and Hartmann, submitted] .
23
Hence, accurate representation of the location and strength of the midlatitude jets is of 24 crucial importance in climate modeling.
25
Despite consistent improvements in resolution and increasing complexity of the repre-26 sented processes, current state-of-the-art coupled global circulation models (CGCMs) are 27 known to exhibit significant biases in mean jet latitude, with most models having the 28 jet too far equatorward [e.g., Gerber et al., 2010; Barnes and Hartmann, 2010] . Such 29 biases are known to affect a number of phenomena, including the frequency of blocking 30 anticyclones [Scaife et al., 2010] , the distribution of surface wind stress and its impacts on 31 ocean currents [Fyfe and Saenko, 2006] , and the persistence of the annular modes [Barnes 
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corresponding to a Gaussian function where σ = 10
. φ m is varied in the SH.
82
Given the magnitude of the SWCF variations, it is not surprising to find large differences since Eady growth rates are proportional to the meridional temperature gradients.
105
Given that the biases in SWCF induce thermal anomalies, it is legitimate to ask whether 106 they also induce shifts in jet latitude in the considered CGCMs. Figure 2 shows the lati- ting these, the correlation between jet latitude and SWCF drops to -0.37, but remains 120 significant at the 5% level (p = 0.03).
121
From the structure and magnitude of the SWCF biases in Fig. 1 
Mechanisms for Cloud Influences on Jet Latitude
The negative correlation between SWCF and jet latitude suggests two possible mech- CMIP5 CGCMs, and we also apply forcings confined to lower and higher latitudes. Two
146
sets of experiments were carried out, one of which is represented in Fig. 3 ; the other set 147 is identical but with negative forcing. These functions make it possible to test the effect and this is the effect we seek to reproduce in our model experiments.
153
The response of the jet to the forcings is shown in Fig. 4 . The magnitude of the response baroclinicity, consistent with the findings of Brayshaw et al. [2008] and Chen et al. [2010] .
162
The same reasoning can be applied to the cooling experiments.
163
Interestingly, the strongest response is obtained when the forcing is applied at 50 negative SWCF anomalies corresponding to equatorward jet biases.
187
We interpret our findings in terms of changes in meridional surface temperature gradi- 
194
The results from the present study demonstrate that despite consistent improvements 
